Background: Perineal wound complications are a long-lasting issue for abdominoperineal resection (APR) patients. Complication rates as high as 60% have been reported, with the most common complication being delayed perineal wound healing. The aim of this study was to identify risk factors for delayed perineal wound healing and its impact on prolonged hospital stay. Methods: We included low rectal tumor patients who underwent APR at a referral medical center from April 2002 to December 2017; a total of 229 patients were included. The basic characteristics and surgical outcomes of the patients were analyzed to identify risk factors for delayed perineal wound healing (> 30 days after APR) and prolonged hospital stay (post-APR hospital stay > 14 days). Results: All patients received primary closure for their perineal wound. The majority of patients were diagnosed with adenocarcinoma (N = 213, 93.1%). In the univariate analysis, patients with hypoalbuminemia (albumin < 3.5 g/dL) had an increased risk of delayed wound healing (39.5% vs. 60.5%, P = 0.001), which was an independent risk factor in the multivariable analysis (OR 2.962, 95% CI 1.437-6.102, P = 0.003). Patients with delayed wound healing also had a significantly increased risk of prolonged hospital stay (OR 6.404, 95% CI 3.508-11.694, P < 0.001). Conclusions: Hypoalbuminemia was an independent risk factor for delayed wound healing, which consequently led to a prolonged hospital stay. Further clinical trials are needed to reduce the incidence of delayed perineal wound healing by correcting albumin levels or nutritional status before APR.
Background
Since Miles' first description of abdominoperineal resection (APR) surgery in 1908 [1] , APR has become the standard surgical treatment for low rectal and anal cancer, especially when sphincter-sparing surgery is not an option. Although the removal of the rectum, anal canal, perineum skin, and sometimes nearby organs decreases the incidence of circumferential margin involvement, removal is also associated with a 29-64% perineal wound complication rate after massive removal of a pelvic organ [2] [3] [4] [5] . Large amounts of empty space in the pelvic cavity following large-scale destruction of the pelvic floor, high bacterial counts in the perineal area, and the closure of the perineal wounds with tension were considered factors contributing to complications [6, 7] . Risk factors associated with increased perineal wound complications include patient-related factors such as diabetes [8] , high body mass index (BMI) [8] , hypoalbuminemia [4] , and surgery-related factors such as extralevator APR [3] , intraoperative perforation [3] , and supine position during the perineal phase [9] . For locally advanced anorectal cancer, a large tumor size and the application of preoperative radiotherapy also increase the risk of a perineal wound complication [2, 4, 8] . To reduce the perineal wound complication rate, flap reconstruction was introduced as an alternative procedure for closure of the perineal wound [10, 11] , but it is generally only utilized in patients receiving an extended perineal excision or neoadjuvant radiotherapy. In general practice, primary closure is used in the majority of perineal wound cases [12, 13] .
Perineal wound complications include superficial or deep infection, abscess formation, wound disruption, hematoma formation, or persistent sinus discharge. Once a complication occurs, it can result in additional costs and a prolonged hospital stay, especially when delayed wound healing follows these complications. Delayed perineal wound healing is the most common perineal wound complication [2, 4] , and various risk factors have been demonstrated to be related to delayed perineal wound healing. Patient-related factors such as hypoalbuminemia [4] , a history of smoking [4] and alcohol consumption [14] were found to increase the risk of delayed perineal wound healing. Treatment-related factors such as a longer operation time [15] , intraoperative hypothermia [15] , and preoperative radiotherapy [2, 4, 12, 14] have also been regarded as contributing factors. The incidence of delayed perineal wound healing is as high as 24-51% [2, 4, 12, 15] ; however, the time period to define delayed wound healing differs among previous studies, ranging from 6 weeks to 3 months after primary surgery [2, 4, 12, 14, 15] . Thus, a direct comparison among these studies is difficult.
The aim of this study is to review the outcomes of patients receiving APR with primary closure of the perineal wound at a single institution and identify risk factors for delayed perineal wound healing and its association with prolonged hospital stay.
Patients and methods
The study protocol was reviewed and approved by the Institute of Research Board of Taipei Veterans General Hospital (Institutional Review Board (IRB) no. 2018-09-003BC). All clinical data of the patients who underwent APR between April 1, 2002, and December 31, 2017, at Taipei Veteran General Hospital were collected retrospectively. We included patients receiving conventional APR with primary closure of the perineal wound. No extralevator APR cases were included. All APR procedures were performed by colorectal surgeons with more than 5 years of clinical experiences in their field of specialization.
Data were collected from inpatient medical records and outpatient clinical records. The following patient characteristics were analyzed: age at diagnosis, gender, BMI (defined > 25 kg/m 2 as overweight and < 18.5 kg/m 2 as underweight according to World Health Organization (WHO) classification), smoking history (current smokers and previous smokers), and comorbidities (such as hypertension, congestive heart failure, uremia, liver cirrhosis, and chronic obstructive pulmonary disease). The preoperative albumin (< 3.5 g/dL considered hypoalbuminemia) and carcinoembryonic antigen (CEA) (> 5 ng/ ml considered elevated) levels of patients were recorded. The following intraoperative parameters were also recorded: operation time, estimated blood loss, method of operation (laparoscopic surgery or traditional laparotomy), and concomitant resection of other pelvic organs. Histopathology of the tumor and application of neoadjuvant radiotherapy were also retrieved from medical records. Neoadjuvant radiotherapy was administered using a long-course radiotherapy in patients with adenocarcinoma with a total dose of 4500 cGy over 4 weeks [16] . Definitive surgical resection was performed at 6 to 8 weeks after the completion of the neoadjuvant radiotherapy.
During APR, the abdominal and perineal phases were both performed with the patient in the supine lithotomy position. Abdominal phase was performed first following the principle of total mesorectal excision. Then, the operation moved to the perineal phase. After removal of the specimen through the perineum, a drainage tube was routinely inserted into the presacral space through the perineum. Primary closure of the perineal wound was performed in layers, and the abdomen was closed with the stoma matured. For laparoscopic APR, the abdominal phase was performed using laparoscopy, but the perineal phase was performed with the same procedure as the traditional open APR.
The primary end point was failure of the perineal wound to heal 30 days after the operation. The secondary end point was prolonged postoperative hospital stay (more than 14 days after the operation). All perineal wound-related complications, including infection, dehiscence, deep and pelvic abscess, bleeding, and persistent sinus drainage, during follow-up were also recorded.
Patients were followed-up with at the outpatient department at 2-week intervals until complete healing of the perineal wound. Then, follow-ups were scheduled for 3-month intervals for the first 2 years, followed by 6month intervals until 5 years after the operation.
Statistical analyses
Univariate analysis of perineal wound complications and categorical variables was performed using the chisquared test or Fisher's exact test. The continuous variables were analyzed with Student's t test. The median value of blood loss and operation time was defined as the cutoff value in the analysis and compared using a nonparametric test. All predictors identified in the univariate analysis with a p value less than 0.10 were candidate variables for inclusion in the multivariable model to identify independent predictors of delayed perineal wound healing and prolonged hospital stay. A p value of less than 0.05 was considered statistically significant. All analyses were performed with IBM SPSS Statistics, version 24 (IBM Corp., Armonk. NY, USA).
Results
A total of 229 patients were enrolled; Table 1 lists the clinicopathological characteristics of the patients. The median age of all enrolled patients was 69.5 ± 13.0 (range 19-95) years, and 146 (63.8%) were male. The most common indication for APR was adenocarcinoma of the anorectum, which was identified in 213 (93.1%) patients. Approximately one third of our patient group received neoadjuvant radiotherapy before surgery. Among the 86 overweight patients, six were obese with a BMI > 30 kg/m 2 . Sixty-one patients (26.6%) had a history of smoking, including 38 (16.6%) active smokers and 23 (10%) previous smokers. The most common comorbidity was hypertension, which was present in 99 (43.2%) patients, followed by diabetes in 39 (17.0%) patients and congestive heart failure in 37 (16.2%) patients.
As shown in Table 2 , the median operation time was 240 min (range 115-590 min), and the median estimated blood loss was 250 ml (range 30-2300 ml). A laparoscopic operation was performed on 28 (12.2%) patients. Thirty-two patients (14.0%) underwent resection of adjacent pelvic organs during APR. Among these patients, 21 were female who underwent a partial vaginectomy, and 11 were male who underwent a partial prostatectomy or resection of the seminal vesicle. Perineal wound-related complications occurred in 91 (39.7%) patients, with 149 events. Delayed wound healing (> 30 days) was the most common perineal wound-related complication, occurring in 86 patients (37.6%). Other perineal wound-related complications included 27 (11.8%) superficial wound infections, 22 (9.6%) wound dehiscence events, 7 (3.1%) deep or pelvic abscesses, 3 (1.3%) persistent discharging sinuses, 3 (1.3%) wound bleeding events, and 1 (0.4%) pressure sore. Nine (3.9%) patients received a secondary operation due to wound complications, including debridement in 5 patients, check bleeding in 2 patients, and flap reconstruction for pressure sore in one patient. The overall median hospital stay was 13 days (range 8-57 days), and the median wound healing time was 23 days (range 9-578 days). The median perineal wound healing time in the delayed healing group was 63.5 days (range 30-578 days). We further analyzed risk factors for delayed perineal wound healing. Univariate analysis showed that patients with hypoalbuminemia had a statistically significant increased risk for delayed wound healing (10.5% vs. 26.7%, P = 0.001, Table 3 ). Preoperative neoadjuvant radiotherapy had a trend of increased risk for delayed perineal wound healing, although this difference was not statistically significant (28.7% vs. 40.7%, P = 0.061). Multivariable analysis showed that hypoalbuminemia (OR = 2.962, 95% CI = 1.437-6.102, p = 0.003) was an independent risk factor for delayed perineal wound healing.
Risk factors for prolonged hospital stay were also analyzed, and patients with delayed wound healing had a significantly higher risk of prolonged hospital stay than those with normal wound healing (21.3% vs. 63.6%, p < 0.001, Table 4 ). The other risk factor for prolonged hospital stay included patients with more than one comorbidity (50.4% vs. 63.6%, p = 0.049). In the multivariable analysis, delayed wound healing (OR = 6.404, 95% CI = 3.508-11.694, p < 0.001) was an independent risk factor for prolonged hospital stay.
Discussion
Perineal wound complications are a long-lasting issue for APR patients. Removal of the rectum, anus, and sometimes nearby organs results in a large empty space, which is conducive to fluid accumulation and bacteria growth [7] . Moreover, the addition of preoperative radiotherapy may also cause tissue damage and reduce the blood supply [2, 17] . All of these reasons may interfere with wound healing and lead to delayed wound healing. Our study showed that the incidence of delayed perineal wound healing was 37.6%, and hypoalbuminemia was an independent risk factor for delayed perineal wound healing after APR. The consequence of delayed perineal wound healing was an increased risk of prolonged hospital stay. In other words, if we can reduce the risk of delayed perineal wound healing, the incidence of prolonged hospital stays will also decrease, and total medical costs will decrease after such an intervention. Delayed perineal wound healing is thought to be associated with decreased quality of life, increased health care costs, and poor survival [18] . The median perineal wound healing time of all patients in our study was 23 days, which was shorter than that reported by Chessin et al. (39.5 days) [19] . The mean perineal wound healing time of all patients in our study was 46.38 days, which was comparable to that reported by Bullard et al. (3.8 weeks) [2] and Althumairi et al. (6.85 weeks) [4] . However, a marked diversity of healing times, which ranged from 9 to 578 days, was observed in our group. The median healing time in the delayed healing group was 63.5 days. Such a long healing time will not only prolong the hospital stay and increase medical costs but also delay any scheduled adjuvant treatment. Although flap reconstruction can be performed to minimize perineal wound complications and facilitate perineal wound healing, the additional procedure also increases the operation time and risk of complications at both the surgical and donor sites. In our study, hypoalbuminemia was an independent risk factor for delayed perineal wound healing (p = 0.003) based on multivariate analysis. The serum albumin level could represent a patient's general nutritional status. Protein deficiency reflected by hypoalbuminemia contributes to reduced collagen formation and wound dehiscence and results in poor wound healing rate [20] . Low albumin has also been shown to contribute to poor wound healing in diabetic foot ulcers [21, 22] . An animal study demonstrated that the early administration of albumin could enhance wound healing in rats with burn injuries [23] . It is unknown whether the early administration of albumin will improve perineal wound healing after APR, but improving the patient's nutritional status before operation will certainly benefit wound healing. Further clinical trials are needed to evaluate the efficacy of reducing the incidence of delayed perineal wound healing by correcting albumin levels before APR.
Previous studies suggested that radiotherapy was a major risk factor for delayed wound healing [2, 4, 12] . In our study, radiotherapy had a nonsignificant tendency for delayed wound healing. This may be related to the low percentage of patients receiving preoperative radiotherapy (33.2%) in our study. Patient factors were also crucial for wound healing [24] . Malnutrition, smoking, COPD, and obesity makes patients vulnerable to poor wound healing [18, 25] . Uremia is a common risk factor for poor wound healing [26] , which might be related to impaired calcium-phosphorus metabolism and uremic [18] . Only 6 (2.6%) patients had a BMI over 30 kg/m 2 . The case number in each subgroup in our study was limited, and more patients might be required to reach statistical significance. The median hospital stay in our group was 13 days, which is also comparable to previous studies [4, 17, 27] . The risk factors of prolonged hospital stay in our study included the presence of comorbidities and the occurrence of delayed perineal wound healing. Delayed perineal wound healing was a strong predictive factor for prolonged hospital stay (p < 0.001). Thus, our efforts should be focused on reducing the incidence of delayed perineal wound healing. Vacuum-assisted closure was introduced for complex perineal wounds [28, 29] . When wound healing time is decreased, granulation tissue deposition is increased, which allows earlier wound closure, an earlier hospital discharge, and an earlier return to functional status. However, vacuum-assisted closure is not routinely used in our institute due to the lack of National Health Insurance support in Taiwan.
There are several limitations to our study. First, this was a single-institute analysis with some limited patient subgroup numbers, which may have resulted in nonsignificant differences in the risk factor analysis. Second, as this was a retrospective review, we were unable to accurately determine the true condition of the patients with perineal wound complications. The differences between the definitions of wound infection, wound dehiscence, and superficial or deep abscess formation are difficult to quantify. We chose the 30-day criterion because this was the time that the patient's condition was checked by the attending surgeon prior to initiating postoperative adjuvant therapy. We believe that healing time is more objective for perineal wound complications in a retrospective analysis because it is difficult to diagnose infection, dehiscence, or sinus discharge simply from a chart review.
In conclusion, our data suggest that hypoalbuminemia (albumin < 3.5 g/dL) is an independent risk factor for delayed perineal wound healing. Moreover, delayed perineal wound healing is strongly related to prolonged hospital stay. Further studies for improving wound care are needed.
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